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Abstract

Los Alamos and Sandia Naucnal Laboratories are building an ultrasoft X-ray monitor expenment. This
experiment, called AL EXIS (Array of Low-Energy X-Ray Imaging Sensors), consists of six compact normal-
incidence telescopes. ALEXIS will operate in the range 70 - 110 eV.

The ultrasoft X-ray/EUV bend is ncarly uncharted temitory for astrophysics. ALEXIS, with its wide fields-of-
view and well-defined wavelength bands, will complement the upcom.ing NASA Extreme Ulmaviolet Explorer an.!
ROSAT EUYV Wide Field Camera, which are sensitive broad-band survey experiments. The program objecuves ol
ALEXIS are to 1) demonstrate the feasibility of a wide ficld-of-view, normal incidence ultrasoft X-ray telescope
sysiem and 2) to determinc ultrasoft X-ray backgrounds in the space environment. As a dividend, ALEXIS w1l
pursue the following scieaufic objectives: 1) to map the diffuse background. with unprecedenied angular resolution,
in several emission-line bands, 2) to perform a narrow-band survey of point sources, 3) to search for transient
phenomena in the ultrasoft X-ray band, and 4) 1o provide synopuc monitonng of variable ultrasoft X-ray sources
such as cataclysmic variables and flare stars.

The six ALEXIS welescopes are arranged in pairs to cover three 33° fields-of-view. Dunng each spin of the
satellite, ALEX]S5 will monitor more U:an half the sky. Each telescope consists of a layered syntheuc microstructure
(LSM) mirror, a curved microchasinici plate detector, back ground-rejecung filters and magnets, and readout electronics
The mirrors wil! be tuned to 72 eV, 8S eV, and 95 or 107 eV bands, chosen to select and deseiect interesung hine
fearures in the diffuse background.

The geometric area of each ALEXIS welescope will be about 25 cm?. The telescopes cmploy spherical mirrors
with the curved detector at pnme focus and are hmited by spherical aberrauon to a resoluuon of about (0 8"
Assuming nominal reflecuviues, quantum efficiency, and filter ransmission, the 50 survey sensitivity will be
several x 10-3 photons cm2 5! for line emissi.n at the ceater of the bandpass.

ALEXIS is designed to be flown on a small au‘onomous payload camer (a minisat) that could be launched from
any expendable launch vehicle. The expenment weighs “'X) pounds, draws 40 wauts, and produces 10 kbps of daa T
can be flown in any low Earth orbit. Onboard data st rage allows operanon and trackuig from a single ground station
at Los Alamos.



1. INTRODUCTION

The regron between the ultraviolet and soft X-rav bands 1s one of the last 0 be surveved by atrop e
Though interstellar absorpuon himits visibihity o relativels nearby obwots, the exoreme ulraviolevulua it N e
band (-15-125 eV) should provide a unique probe ol the hot interstellar medium, hot degenerate stars, mass tran- 1o
binanes, flare swars, and other nearby, energeuc systems, This region of the specuum s npe for discovery, a~ Mt
Harwit points out in Cosruc Discovery (Harwit 1981y, astronomical discovery comes from expanding .
observauona! phase space of wavelength, polanzabon, and specural. spatuil, and ume resolunon. One window v
this band will open wiath the Wide Field Camera on the Briush German-US ROSAT miswion, scheduled for Ly v
1990 (Trumper 1984) and NASA's Extreme Ulravioler Explorer, scheduled tor launch i 1997 N uhiva er e 19s)
These telescopes will survey the sky with high angular resolut on, high sensiuvity, a tew degrees held ot viea | we !
broad spectral response and thereby study persisient pomnt sources i this band An complementan window o (!
ultraselt X-ray domain can be provided by a wide ficld ofview narrow band instrument sensise o tan
phenomena and structure in the uluasolt X-ray background We propose to open this window with an expenimen:
called ALEXIS.

ALEXIS (Armay of Low-Energy X-Ray Imaging Sensors) as an arrav of normalanadence uluasott X oras
telescopes designed for flight on a miniature satelhte (minisat). The project s led by Loy Alamos Natona
Laboratory, wath collaborators at Sandia Nauonal Laboratory and the Space Saiences Latoratory, Univeraitn o
Califormia at Berkeley The mission objecuves of ALEXIS are 1) 10 demonstrate the feasibihity of a wide field o1
view, normal-wincidence telescope system for detecung bursts of ultrasott X-rays and 2) to determune the backgrou !
rate of ultrasoft X-ray bursts and events that mumic them, in the space environment In deing so, we wall buld i
first ulmasoft X-ray nstument with a very wade ficld ot-view and a well-defined specual response, and thus 1 map
the diffuse background, with unprecedented angular resolution, 1n several emussion line bands, 2} pertorm a narrow
band survey of pomnt sources, 3) provide syvnoptic monuonng of vanable ultrasott X ray sources such as catac v,
vanables and flare stars, and 4) search for transient phenomenra in the ultrasoft X-ray band The ALEXIS experuncen:
was descnbed bv Pnedhorsky et al. (1983); this paper 1s a more comprehensive reaunent, and represents lurtle:
development of the expenment.

The ALEXIS telescopes are made possible by the maturation of two echnologies Farst, lavered svnthen
mulustructures are now commercially avalable, allowing nomal inGidence optcs ain the ulrasoft X ray band ¢,
Barbex 1985). second, microchannel plate technology has matured 1o ailow production of steeply curved, b
positon resolution, low-dackground ultrasoft X oray detectors With these components, we will bipdd the simy
possible telescope sysiem a sphencal marmor wath detector ar the parie focus. The modest angalar resolution s mor
than offsct by advanuzes of wide field of-view, high clhiciency, and stimphay ¢ of tabncauor: and alignment

To minimize mission cosc and maximize the possibiliues for launch, we have designed AL L XIS around
minisatellite bus that can be Launched from any expendable launch vehicle and that can {1, 10 any low earth orbut W
can thus My a significant space expenment for a few midlion Jollars The munisatelhie spins about an avs pomnte.d @
the Sun Dunng each spacecraft spirz, the telescope array sweeps out more than halt the sky AL XIS tho
monitors each ultrasoft X-ray source tor af least 6 months per year

This paper summarizes the v ohnological approach and scientihie promase of the ALT XIS experimient In Seco
2, we consader the opucal desien, both the imagin ® chara tensocs and the expected lavered svnthene mualntn, no
performance In Secnon 3 we discuss our cury=d sartace microchannel plate detectors Secnon 4 conade
background sources and how they can be overcome Insection S we discuss the hogh dvname range electon:
necded W detect both ulrasett X orinvs and barae of uliraeolt X oty Sectnon 6 discusses the on board harndaare ae
software necded to calculate telesc ope event posions and the dow nstream handbng ot these daa Seconon 7 disoae
the overall expenmeat enmvelope and the interface wath the minesat In Section v owe die o the proand s
hardware and sotivoare Sconen @ condludes this paper wah o discnssion of ATE XIS waientifhe obye e
sensibinaty



2. OPTICAL DESIGN

2.1 Imaging Performance

The development of lavered syntheuc microstructures (LSMsy allows the use of normal inaidence opua s
ulrasoft X-ray region. ALEXIS 1akes advantage of this possibility by using cempact, simple, single rerlect: o

telescopes. However, the single-reflecuon telescope 1s limited to fields of view of about 40° (full width- ani b
considerable spherical aberrauon. Nonetheless. 1t offers stmplicity of assembly and fabricanon as weli as hier
throughput, enough to jusufy its choice as the first '.SM opucs tor orbitd applicanon

Figure 1 shows the simplest possible reflecuon telescoper a sphenical mirror with a deteator at prime Lo,

This design 1s well suited for  LSM optics, because of the single-reflecuon Light path «peak refleciyites
mululavers are not high. so muluple reflecuons are costly 1in efficiency) and becanse the spaencai surtace s ea

fabricate with the high-quahity surtace finish remnred tor good retlecusan

spher
" agetare
T "
to
b L
d
a (erler ot Qyredtore
‘ LIVIAR L 1
& (radue of - unatee b
Y

n

Figure | Optical design of the spherical prime (oo u. telexcopes used in ALY

This system s himuted in field of view and spatial resolutior

1x the tocal ratio) the held of view A (full widihy s thus

AO = 2antwt- 2an P e = e mdane,

Field of view s hinated because the detes ton
be no larger than the aperture, or it will block the incomung radiaton In the paraval approvmation of -

o

T

I £y 7h,. hasthe fracoon of the aperire Olled by the detecton bady byboand g the tracnen of the dete

aperture whichas active, ah, By poshing cach of these parameters an L as posable, 1
could obun o field of view of abouar 400 1l wath The mgnrer hae o veey Tow [ numbey

sphencal aberrauon The resolution cull widih of o tulls allunmnated sphencal opua

which lead

feh=~y



A®D = 1/128 +} radians,

or. for exainple. 7.8 milliradians for an £°1 opuc. Here, @ corresponds e posiion along the tocal plans i wr o
wincident angle.

We improve the resoluuon of a spherical reflecuon wlescope by placing an annular aperture stop betore .
murror. This imis the impact parameters of the rays incident upon the muror: as the annulus approaches zer
width, the blur goes 10 zero. When placed at the center of curvature of the sphencal mirror, the aperture appears (.
same (excey : for ellipucal foreshonening for mys on and oft axie We thus ensure nearly uniform resolon nooae:
the ficld-of view.

The ALEXIS dimensions finally chosen are R= 1282 cm, b =280 cm, b,=1928cm, and R, ="t ene Tho
focal distance, 1,15 thus 6.52 cm The pnmary thus has an unhilled apernure of speed £.0 83 Because the deteano:
surface 1s concentnic with the mirror, the resoluton 1s nearly consant over the 33° (dumeter) field-of-view The spe
size 15 0.20° (rms radius). Figure 2 shows the telescope geomemni: area and mms resoluuon as a funcuca of off anis
angle. as calculated by a Monte Carlo ray mace code. The arca-sohid angle product of the telescope 15 4 3 vmi”
steradians. Obscurauon by the detector introduces a significant asymmetry 1n the image at large oft-axis angles
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of altermaung lavers of a material which is reflecvve in the EUV, molyhdenum, and a spacer, esther sthicon or bor »
carbide Expenmentd reflecusiues greater than O £ at normal inadence have been reported o Mo-Sr LSNMan
EUV (71-78 ¢V, Barbee, Mrowka, and Hettnick 19450 We have made our own theoretie al caloulanons of muitia,
muror reflecuviues, which have been recendy venfied by measurements ol a test murror

Our test miror, which was obuincd from Ovonies, Inc., had the following characternsbcs. spacing of A
layers. d = 100 A. thickness of Mo lavers, y°d = 33 A, thickness of Si lavers, (1-y*d = 67 A @ll values =2 A | &
pairs of Mo/S1 layers with Mo on top, a quarz substrate. and at least 10 A of carbon as the first surtace  Tho
reflecuvity of this muror was measured ar 13 1° of{ normal incidence, somew hat less than the best effective anele 1o
peak reflccuvity, which s calculaied 1o be 237 off nommal. The results were (R = reflecuvity

Wavelength Rimeasured: Ricalculaed
171 A on p22
250 A o0 012
AL A 016 0
S84 A 0s2 06N
1216 A 036 1o

The calculauons used the opucal consants for Mo and Sineasured by Windt (19587 which were measared 1o
samples somewhat contaminated with oxygen  The agreement iy not pertect, but several teatures emerge 1h,
calculauons show that carbon damages the performance of the muvor both at the peak (computed o be Ri171 A
_17) and at 304 A. Without the carbon first surface, the peak 1s predicted 1o be Ri171 Av = 43 and Rii0s 4
reduced by more than a factor of 2. However, the reflectnaty at 1216 A increases drasticalls wathout the carbor,
Oxygen conaminatuon, which can be present in silicon films, also decreases reflccuvity at most wavelengths
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In order to abtain reflectivity at the working wavelength good enough to produce the desired sensiis ity we neeld
10 mantaun a high peak reflecuvity at 171] A while minimizing the reflecuviy at background wanvelengths (286 4
304 A, S84 A and 1216 A). The first requirement, a bigh peak reflestivity, forces ehminauon of all oxygen g
carbon from the mululayer, leaving us with a problem a: long background wavelengths that must be corrected @i
filers. The most damaging background hine 1s He 11 A304 A, because 1 cannot be filtered out withuut alse filwens
the workung wavelength. We have devised a "waverap” w eliminaw 34 A background by adding two laver Poufs
top of the Mo/S1 mululayer. These layers are almost ransparent at 171 A but interfere desoucuvely at 30 A The
design consists of (beginning from the first surface) two layer paurs. each 10 A Mo and 55 A Si1, over 40 laver P
each 30 A Mo and 64 A Si. The calculated reflecuviues of this muror are Ri171 Ay = .44 R(256 Ay = OIK. R Y
A) = 000004, R(584 A) = .089, and R(1216 A) = .48 , a1 19 degrees off normal incidence, which 1s the averay o
reflection angle for the ALEXIS telescopes. We used the opucal constnts tor Si from Pahik (1985, The higt
reflectance at 583 A and 1216 A can te filtered out. A wavetrap 1s not feasible at S84 A, because there 18 e
contrast i .ndex of refracuon for most matenals  Muron for other wavelength bends will be designed simalarks

3. MICROCHANNEL PLATE DETECTORS

By symmeury. the sphencal welescopes descr 52d above have a sphencal focal surface; the radius of this surtace 1s
approximately half the radius of the sphencal mirror. The delector must determine the posiion of ultrasott X rae
and bursts of ultrasoft X-rays that amve at this surface, with a posiuon resoluuon commensuraw with (2 w 2 un,e
oversampling) the ielescope point-spread funcuon. We plan W develop and fapncate curved-surface microchann,
plate (MCP) dewectors by strarghtforward modificauon of a standard planar detector scheme (Siegmund ef al 10N°
The MCP stack wall consist of a pair of plates with 120.1 channel-length-1o-duwmeter (12.5 pm channels) ratio Ea. !,
MCP will be curved in such a fashion 10 aliow back-to-back stacking of the MCPs, with the front surface having the
desired radius of curvatwe. An incident phioton will interact with an opaque phowcathode laver, probably Myt -
deposited on the front MCP This interacuon results in a photoelectron that 1s muluphied by the MCP stack 1o viell!
more than | x 107 electrons at the MCP output The elecrron cloud dnits over a 1S mm gap and s collected be
wedge-and-stnp anode. where the incident charge 18 divided hetween three ~lectrodes (Siegmund er al 19861 The ateas
of the wedge and stnp electrodes vary linearly in area with the X and Y coordinates. respectively. Therefore the charge
signal observed on the wedge and smp, normalized by division by the towl incident charge, gives the posthion of -
charge cloud and hence the locaunn of the incident phown

ALEXIS Curved Micrachanne Plaste Detenior Schematic
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The detector front is curved with a radius of 7.0 cm w correspond Lo the focal plane of the sphenical rurror The
outer diameter is critical; in a pnme focus design, the detector must not obscure the mirror The outer diaeter my
thus be mimumized for a given effecuve aperture. Figure 4 shows a schematic of the detector designed to use =il
curved MCPs. The active dsameter will be 40 mm and the outer diameter of the MCPs 1s 46 mm The detector ey,
fabricated using alumwna ceramic and kovar brazed at high temperature, has an outer diameter less than 6 mm an !
length less than S0 mm, meeung our requurement of mimmum obscuraton This type of construcuon s uaed
ultra-high-vacuum image-tube devices, and will be compauble with vacuun. and cleanliness requirements for ar
ultrasoft X-ray detector. Devices of a similar design have been built for the FAUST (Deharveng er u 147
program, and these have withsiood several vibrauon 1e5ts and a rocket payioad Launch

For adequate inpul o the front-end elecronics, a MCP gain 1n excess ol 1 x 107 will be requured, witl. .
relauvely narrow pulse height distribunon. Background rates musi be below | event cm < sec’! so as notto overloa
the elemetry, and 10 allow good signal-to-noise 1n measurements of the diffuse background In the UCB S8
program, we normally use a stack of 3 80 1 length'diameter rauo (L/D) back-to-back MCPs 1o achieve the
characiensucs. However, su.ce this scheme would result in two interfaces between curved surfaces, 1t increases U
possibility of gain vanations due W possible interplaie gaps. We have therefore choser a pair of back-to-back MO
each with a 120:1 L/D rauno This scheme (Fraser er al 1983 has worked [or fla; MCP swacks and gives gaun an
pulse height distnbuuon performance close to that of the three MCP configuration. We have also evaluated MO
stacks with this configuration having a SO cm radius of curvature and found them 10 be sausfactory (Siecmun.
1988). The MCP channels will be perpendicular 1o the surface of the front plaie and biased at 13° 1n the sccond T
meet the background requirement, residual radioacuvity in the MCP glass must be minimal. the MCP glass must he
rubidium-free bul may conuun potassium (Sicgmund er ai 198%,

Boules of the required s'andard MCP matenal will be procured, and thick shees taken from them These sh.e:
will then be ground to the correct radius of curvature, polished, ptched 10 open the MCP channels. and the tina.
processing steps performed The exact surface curvatures are such that the c=nters of the MCPs will touch whe:
stacked. Then, when the MCPs are clamped into place, the edges of the plates will also come 1nto contct. We have
previously employed this technique, and shown that it is effecuve 1n avoiding gaps between the MCPs that wou'.
cause gain vanauons (Siegmund 19858,

The wedge-ano-stnp anode will use a standard design scheme (Siegmund e ai 1986) This emplovs o three
clectrode pattern =50 mm an diameter wath a repeuuon penod of ~1 mm. The tracucnal area covered by the wedye
and stnp anodes vanes frem about (0 067 w 0.333 across the ficld of view  This patterm type has alreads beeriused
scveral delectors and has achieved berer than 60 um FWHM resolution (Siegmund er ai 19871 The anoxde will te
ewched 1nto a thin copper laver (=6 pymy apphicd to a curved fused quany subsirate, which can be purchase
economically as a stxck lens In the dnift gap between MCF and anode, the electron image will be reduced trom the
scale at the micrcchannel plaie, aliowing a smaller anode which fits the overall diameter constraint. Since a cunved!
surface cannol map without distoruon vnwo a plane, we expect some 1mage distoruon. This should be stable and can
be accamodaled by mapping the detector. We do not expect this configuration to significandy degrade the resolution
of the detecuw compared to flat MCP devices For stundard single-event =lectronics (preamphifier nosse 1600 ¢ e
for the wedge and stnp snodes, and %X ¢ rmas for the z1g zag), the posiuon resoluuon should be about SO
FWHM. As discussed below, the resoluuon wili be necessanily less for the high-dynamic range electronics useid i
ALEXIS Magnetic fields in the 1S mm dnft gap can distort the image and must be mited w0 = 172 Gauss, this
ahieved by magneti shielding plced outside the hack ol the detector

A photocathode layer, probabily Mgl >, will be deposites on the wp of the first MCP Approximately 10,000 4
of MgF will he evaporated onto the MCP surface at a rate Iess than SO A sec ' while the MCP s heated 1o 1o
C and rowted about the MCP channel axiv The evaporaton angle 1o the meicro hannel axis will be abogt 14
giving a cathode laver thickness of about 1000 A inside the channels The Herkeley group has made g number ¢!
MpFs photocathodes i this fashion, typically, the quantum efficiency 1y 0% n the range 1060 2000 A T
cathodes are generally very swhle, but we will sull atempt o mimmize exposure to the atmosphere alter depesition

Than Lidm hilers wiall be placed in front of the mucrochannel plate deteciors These perform two main functone 1t
exc lude unwanted radiation at wavelengths outside the bandpass. and 23 1o block tow energy charged paricle nyprne
Candidiaite hlter maierials are [ exan/Boron and Alununum/Carbon These filters provide broad bandpasses centere e
120 eV and -60 eV respecively (Vallerga et al 19860 Lexan/Horon would e used for the short bandya
telescopes (RS e Voand 107 e V) and Alummum Carbon tor the Tong waselenprh telec opes o2 eV Thewe hilter we®
be opurized w reduce the geodoronal b kground tuy oHe 15y WA citen s He b ashi N o eV and Ty o



A1216A (10.2 eV)) 10 an accepuable level, while maintaiming a high transmission 1n the telescope bandpass The
sharp absorpuon edges of the filters at shoiter vvavelength 18 eV for LexanB. and 72 eV for Al'Chr will also redis, -
the contnbubon of lugher-crder reflecuons from the LSM murors Using previous!y established techmques (Valicre.:
er al. 1986), we anucipal: using Lexan/B and AL‘C filters with thacknesses of 2000A, 1000A and 150X = 4
respecuvely. The peak transmissions are ~0.35 for Lexan B and <0.30 for Al/C. We have also found "Vallerga o
1986) that these types of filters will attenuaie the low-energy charged parucle flux by many orders of musriL
helping keep down the detector background.

4. BACKGROUND CONSIDERATIONS

Backgrounds in the ALEXIS detectors can come from scattered sunhghr, cosmic rav and trapped particles. ar e
intnsic radioacuvity These backgrounds must be minimized to nol saturate the telemewry and opumize sens.tiv: .
The parucle background 1s minumized by the wlescope geometny . since there are no sraight-line vacuum paths w2
detector from outside the spacecraft. The aperwre s restncted and can be covered by magneu. ficlds that sweep wa
electrons. Scanered sunlight 1s rejected by the muror anc filters. Intnnsic radioacuvity 15 tnimmazed by prope: chercs
of detector matenals (sec above).

Low-energy clectuons are the most numerous of background-producing agents in low eanth orhit (LT O and
geosynchronous orbit (GEC); ALEXIS wall fly 1in LEO bur 1y designed 10 reject electron backgrounds in both orbits
In an ALEXIS 1elescope, a low-energy elecoon coming through the aperture must scatter or produce secon laries
before it can interact with the detector. Electrons incident on the murror create secondary photons, mainis S1 K-
(1.8 keV), Si L-lines (0.09 keV), Mo L-lines (2.5 - 2.9 keV), and Mo M-lines i0.4 - 0.5 keV). The higher the
photon energy. the greater the depth into the muror from which secondary radiauon can escape. Beyond some dept:
fluorescent secondanes are reabsorbed before they can escape the muror. Integration of elecuon encrgy loss
secondary producuon, and secondary radiative transfer over our Mo-S1 LSM murmor and quartz substrate show s th.e
for an incident electron spectrum typical for GEO (Fnz er al 1977), most background counts anse {from electrons 1.
the range 5 keV w 50 keV. If the GEO electron spectrum passed ummpeded through the apenure, the backgroun.!
raie wou!d be about SO counts s'! from Si K-a alone. Mo L-lines account for about 1/4 as many, and Mo Ml
about 1/10 as many background counts as S: K-a Therefore, these electrons cannot be allowed o strike the murm
Photon szcondaries from proton and alpha parucle impacts on the murror produce neghgible background ounts

Fortunately, low-energy electrons can be rejecied etficiently by magnetic ficlds at the aperture. far trom it
mutor. Kilogauss fields are oblained with an arrangement of permancnt magnets, such that field i1s concentrated 1
the aperure while remaiming less than a gauss a few inches away (the dntt region between MCP and anode
extremely sensiuve Lo stray fields: conceivably, spacecraft anitude could be perturbed by magneuc wrques alser W
believe a thin, eight-piece quadrupole magnet around the aperture with a high-permeability disk 1n the (occulted
cenier of the aperture will provide sufficient field. Suay fields are minimized 1if the dipole moments of the e.gh
magne! pieces cancel o high precision. Fninge ficlds on the inner plane of the quadrupole can be “clamped™ with 4
thin mu-metal shield, and the detector intenor will be shiclded by a mu-met 1 can This arrangement rejects electror
of 300 keV and Jess ar deflects them i1nwo telescope balfles far fre. oy the mirre-,

The thin filter at the detector serves as a final barmicr 1o veny low-energy particle e g . electrons below ate
kilovolt that elude the magneuc sweepers (e 5 . by betng created inside the telescope) In addinon, the filter as
front of the detector are hiasedd negatuvely with respect o ground, prevenung elecrons peiow 4 5 ke\ ifrom eve:
reaching the filier.

High energy electrons (those above 1 MeV o cannot be rejected completels at the aperture 1t thes suibe !
inner surfaces of the telescope and produce secondary photons or clectrons, background counts can be producesd W
are currently studying this problem using Monte Carlo pansport calculatons A svaiem ol baffles will be

incorporaled onanner surfaces of the lelescope tubes, outside the volume through which goad phote s pass @
mimmire these possibilines

Scattered sunhight produces itense photon backgrounds in the extreme and far uliraviolet Thewe photos
backgrounds are congolled wishan hine tiltersan front of the detector and by the waselength selectvity of the e
Scattered solas Ly a (A 1216 A) LEO 18 25,000 Ruylrlﬂ,h\ evenn the antisely directuon, so Nilters must be vers
eflaent . reecting it (1 Raviegh = 10%4n photons cm = o o D Hunfilizred the Ty a background could vies !
millions of counts per second Scatered solar He 11 3 A emisaon tpeabh 12 Raslerphs exoopt alo ra



Earth's shadow, is also a potenual background scurce, but the low muror reflectivity iree secuon on LSMsi keeyp
this conmbuton o the background under control.

S. FRONT-END ELECTRONICS WITH HIGH DYNAMIC RANGE

The front-end electronics must sense and ravo the wedge, strip. and zig-zag signals o yield the posiuon o!
photons and bursts of photons at the front of the microchannel plate. This must be done over a dynamic range ol
10?, ranging from single photon events that yield 107 electrons on the anode. 10 burst events thart yield 10
elecrons. In each case, posiuons are calculated via the formulae x= Qw/(Qw + Qs +Qz)and y = Qs/(Qw + Q
+Qz), where Qw, . Qs. and Qg are the charge collecied by the wedge, stnp, and z1g-zag anodes, respecuvels 7.
accurately rato evenls over such an extreme range requires a uruque low -noise front-end design.

To properly sample the telescope point-spread function. we require a spaual resolunon of 1.128 over the 40 e
field-of-view (thus ~300 um FWHM). Meeung this requirement Likes an A/D converter with a dynamuc range of 10
x 3 x 128 (=22 biws); the factor of 3 15 included 1o cover the vanauon of the charge ratos over the surface of the
wedge-and-smyp anode. The preamplifier must be wide-band 1o mawch detector nse omes of 1 nsec. in order w cover
this large dynamic range with a modest A/D converter (12-bit), the range is split equally in1o two ranges (100x
dufferent in sensiuvity ) by switching the gain at the preamplifier. Both the lower and upper range will give .
dynamic range just over 107, with the lower range covenng ~vents from modal (107 e7) 10 240 umes modal.

6. DATA HANDLING AND FVENT POSITION CALCULATION

The ALEXIS payload dawa processing unit (DPU) 15 a muluprocessor system that includes four ROCN
micronrocessors, organized as shown in Figure 5. The DPU has the task of calculaung event posinons from the
digiuzed wedge, stip, and zi1g-zag anode signals, and processing event daw (for exa:nple. compressing the everl
stream ) before 1t 1s sent 10 the elemetry soeam.

From the point of view of tne DPU', the ALEXIS pavload 1s seen as three 1dentcal telescope: pair unals. Eack
telescope pair 1s associated with analog elecuonics, an 30CS] microconuroller, an independent 80CE6 processor
svstemn, and high and low voluage power supplies. These three detector and data processing umits are governed by a
fourth 80C &6 processing system that acts as the payload dawa handler, performs dats compression, detects and corred s
errors, arhirales tasks, and interfaces to the spacecraft electronics. The four processing systems communicalc with
each othet over a global data bus using a shared global memory A dual-port memory allows two-way
communicauon between the payload system and the spacecraft’s indejandent processing system (the spacecraf:
processing sysiem also contains at least one microprocessor, bnnging the 1ol number of on-board microprocessars
and microconoollers to at least eight)

Within each telescope: pair unit, the 80CS1 acquires three channels of detector data (wedge, stnip. and 21g zay
amplitude ) for each photon event. [t then records the ume of each event, jacks the daty 1into 3 message wnd ransmits
the message senally W 1ts dedicated 80C86 processor The 80CS1 also penodically gawers housekeeping dat, pad ks
these dawa into a message, and ransmits this message as well.

The 80C &6 processor system accepts messages from the mcrocontroller and processes the daw that they contun
Processing acuviues tnclude mapping the defecior daa 1nte two-dimensional points in the telescope’s field-of view
Processed dawa from each processing system are placed in global memory. From global memory, the data are
formatted by the data handler processor into blocks into which error detection and comes ien FDACH blow A are
added. and sent 1o the spacecraft processor through the dual port memory The spacecralt processor stores the data
blocks 1n mass memory until it 1s px ssible 1o relav the dat through the RE interlace w the ground.

Each dedicated RIX'K6 1y B stand alone processor system with 128 Kbyvies of electnically eraseah!e
programmable, read-orily memory (EEPROM) for program storage. and S12 Kbvies of RAM used tor local daee
storage The four payload BOCK6O's run idenucal copies cf the operaung code This allows the funcuon of the da.:
handler processor 1o be assumed by one of the other prix essors, with some degradlinon in performance, if the norned
data handler processor fanls
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Figure 5. Block diagram of ALEXIS data processing unit (DPU').

All hardware is radiauon tolerant 1o 10 krad (Si) minimum, consistent with a 3-year hifc in anyv low Earth orbit
of up 10 400 nm alutude. Hardware 1s also protecied againsi single event upset (SEU) laichup. Extensive protecuon
against single event upset 1n “he memones and processors is being designed 1nto both hardware and software.

7. COMPATIGILITY WITH MINISAT CARRIER: EXPERIMFNT ENVEILOPE

Figure 6 shows the ALEXIS experiment packed in a 21" x 22.5" diameter cylinder, sized for a mimature  atellite
that could be Launched as a paired payload by a Scout or Pegasus expendable booster. ALEXIS strewches the envelope
of past minatwre satellies (Fleeter 198K). by extending the requirements for power, data storage. and telemetry in an
evoluuonary way.

To support the ALEXIS expenment, the mim<atellite bus must provide the following resources

« 100 pound payload capability

« 40 watis of unregulated 18 V power

= 10 kilobits/sec telemetry, orhit-averaped

= 100 kilobits/sec interface from experiment to spacecraft
= Aspect solveable o 1/4° (worst case)

= Spinning at 1.2 mpm, expenment ants-Sun pomted

= Operauon from a single ground stavon at 1 os Alimos

10



Glossey photo
enclosed

Figure 6. ALEXIS experiment mockup. Only one telescooe is snown for each pair. The experiment spin axis
is vertical in 1nis model,

The telemetry requirement is most easily met by a store and dump system. Continuous data are stored in an on
board memory of 0.75 gigabit (static RAM), then dumped in passes over an experimer..er ground station. For typical
orbit coverage, the telemetry downlink must be of order 0.75 [Megabit/sec.

8. GROUND SUPPORT HARDWARE AND SOFTWARE

The philesophy of low cost "Cheap-sat” technology carries over to the Ground Supyp it Equipment (GSH b,
ground station, and data analysis system for the ALEXIS project. Providing one's own grou,'d station and analyvsas
capability represents a significant cost savings over the use of government or commercial space trucking services 1
sharing as many components as possible between the GSE and the ground station as well as by adapung existiny:
software packages for some of the data
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Figure 7. ALLXIS GSE av configured for flight operatony

analysis we can reduce costs even further. Individual GSE components are provided by the team member bl
the related preces of fhght hardware. All of the different GSE aaty wall communicate wih =ach other v an indosan
standand bus



8.1 Ground Support Equipment (GSF)

‘The ground suppor equipment will undergo a senes of transformations as instrument developmant progres.cs
from individual box test to full system integrauon and fhight operauons. Figure 7 shows the CSE as configured tor
flight operations.

As described previously, a pair of telescopes will share an electronics module containing a microcontroller. The
same Sun scientific workstation will be used for all phases of ground test and flight operations. When a telescope 1s
being calibrated in the laboratery, it will communicate via the microconrroller's senal data link o a VME-bus based
single board computer (OIC). The OIC will perform the wsk of actally collecting data from the telescope,
formatuing the data the way it will appear in the telemetry stream. and passing it via an ethernet link 1o the Sun
workstation. During integrated ground tests or actual flight operauons, telemetry is transferred to the Sun
workstation via ethemet. Using an industry standard interface hke TCP/IF ethemnet reduces the cost of assembling
support modules du¢ o the availability of compatible off-the-shell equipment and components.

The analysis sofiware in the Sun worksuation will be independent of the data source. Poruons of the
analysis procedures on the Sun workstation will uulize the IRAF dawa analysis system supported by the National
Opucal Astronomy Observatories. This package is a general purpose image and data analysis system with a UNIX
like user interface. Custom user programs can be easily integrated into the system. Because IRAF runs on many
different computer architectures, high level analysis of ALEXIS data will be available at several locarions. We are
also using the software package MONGO written by John Tonry at MIT for graphics displays. Both of these
packages are inexpensive compared with commercially available software \1th similar capabihiies. They are
especially cheap when compared with the costs of wriung similar code for ourselves. The software for the OIC usedd
to collect data from the telescopes in the laboratory 1s w be wntten 1in C under a UNIX-like operating system kemel
Programs for the OIC will be wrniten on the Sun and then downloaded via the ethernet hink This will allow us
relanvely rapid sofiware development for the OIC,

8.2 Flight Operations

Flight oyrerations will be run direcuy from Los Alamos, using our own uwacking dish, an RF sauon provideu by
the satellite vendor. and workstauons provided by Sandua and Los Alamos We therefore have no requirement fiu
TDRSS or racking network services Software for satellite racking will be provided by the satellite vendor, software
1o monitor housckeeping dala, grah the dawa sureani, and generate commands will be provided by Sandsa, and data
acquisiuon and analysis software will be provided hy Loy Alamaos

During Might operations, a8 PC-based GSE provided by the saiellite vendor will rack ALEXIS wuh a4 6 mew
dish during a pass and gansmit commands. iniual operations of the spacecraft, as it 1s configured for expeniment
tum-on, will be controlled by the satellite vendor. When the expenment doors are opened, operations will be handed
over 10 Los Alamos. Commands will be generated and checked at the Los Alumos ground facility, then uphinked 10
the spacecraft. In early operauons, Los Alamos will provide 24 -aour support of ground passes; later, we hope o
automale the process by stonng commands and pre-programming daa acquisiton. UCRB/SSL. will support fhight
operations as required per thoir role in providing detectors, in particular, they will be present at the ground station
dunng nmnal instrument tum on Their role in the ongomg Mhght data operations s detailed helow

These doat yourseif light operatuons are possible because AL EXIS operates in a single, spinming surves mode
The expenment necd not be commanded on a regular basis. Our observanon schedule s fived by the spacecraft spun

and thz annual moton of the Sun around the shy, we need not schedule or command observinons ol individoa!
sOurces
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8.3 Data Analysis Software

The analysis of ALEXIS dat will be pauemned afier the EUVE End-10-End Sysiem (EES), being developea
UCB. The ALEXIS anaiysis software will produce diffuse background maps as well as catalogs and hght curves tor
sources in the ALEXIS data base. The data flows from a satellite-specific front end that solves aspect, computes
UTC umes, comrects for detector distoruons and assigns the resulis 1o individual photon events in the telemetry
stream (see Figure 8). Further reduction will be handled with sofiware installed in the [RAF (Image Reducuon and
Analysis Facility, developed by NOAO at Kui: Peak Nauonal Observatory). The unique satellite-specific software
will be developed at Los Alamos, while the IRAF analysis routines will be developed at UCB in consulition with
Los Alamos as pan of the EUVE EES program. For example, methods for detecting and measuring point sources
and uming analysis will be installed in IRAF. A data base system will also be developed to minimize the tme
required 10 access reduced data on a given poruon of the sky  Maps of diffuse sky emission in the different telescope
bands will also be swored and analyzed within IRAF.

9. SCIENTIFIC OBJECTIVES AND SENSITIVITY
9.1. The Value of an Emission Line Survey

ALEXIS is aimcd squarely at mapping the sky ard menitoring point sources in cenain strong emission hines
Its combinauon of narrow-band ultrasoft X-ray spectral response and roughly 1-degree spaual resoluton has neser
been flown as a sky-survey instrument.

Historically, spectroscopy has been the pnme ol for .emote diagnosis of plasmas, providing measurermcent ol
temperature, density, and elemental abundances for sources at great distance. Before stellar spectroscopy wa-
developed, for example, it was the,¢ht tha: the composition of stars would never be known. Afterwards.
astrophysics could begin as a science. Objecuve pnsm surveys juickly showed specue of hundreds of stars. Spedtral
classificauon systems followed, while the composiuon of stars, along with many other revelations, was elucidated
by specrophotometry of ever-increasing sophistication. Exciting objects, such SS 433, have besn found 1n
emission-line surveys in the optica! band. Spectroscopy of the gas between the stars has been equally rewarding
Photography of the sky through highly selecuve interference filters (e.g Parker, Gull, and Kirshner 1979) has
produced dramatic images of filamentar; structures of supernova remnants connected over many degrees.

Spectrophotometry in the X-ray band has been rewarding In the early years of X-ray astronomy, several types of
sources were thought to generate X-rays through nonthermal processes associated with cosmic rays. Exouc models
were created 10 explasn X-ray emission from supemova remnants and clusters of galaxies. These models had to he
discarded after strong. narrow atomic emission lines were found 1n their spectra, firm evidence that the emission
mechanism was thermal emission from hot plasmas.

The diffuse snf. X -y background 15 expected to show a highly stru. rured line spectrum. Thermal emission from
a hot plasma is the {avored hypothesis, not due to discovery of narrow emission lines, but due 1o the elimination of
other possible onigins. There 1s one observation to date of oxygen line emission from the diffuse backgrourd,

apparently from interstellar gas (Inoue et al. 1979), but the thermal nature of the emission remans 1o be
conclusively proven.

Figure 9 shows contours of emissivity coefficient for a hot plasma in coronal equlibnum with normal cosmn
abundances (Raymond and Smith 1977) The wemperature range 1s 105 10 107 K. typrcal for plasmas i antensteiia
space and the coronae of stars. There are no strong emasyion lines above 79 eV, Below 75 eV oare several very strony
hnes. In parucular, there are hines around 72 eV from Fe VI, Fe IX, e X, and O VI that tall in the Jovest enery

ALFEXIS band Figure 9 graphically shows the predomiance of ultvisolt X ray emisaon Enss under mer e llar and
coronal condinons.

Since most of the radiauon from hot pliasmas in the temperature range 10 w 107 K s contamed m emisaon
hines, an expeniment sensitive primanly 1o emission hnes, 1 AL T NIS, has the best chanee of observing sto ture
i the ditfuse background The smages gathered by ALE XIS should be analogous to the interference hilicr imaee ol
intersie lar structure obuuned i the optical band, although with poorer angaliy resolunon



The sun is a bright source of emission lines in the ALEXIS bands. In parucular, photographs of the sun i a
bandpass similar to the ALEXIS 72-eV band have been obuained recently on a rocket flight (Walker et al. 198y,
Adding up the wtal intensity of vanous lines, it turns out that ALEXIS can only detect the Sun’s coroma out to 2
However, many stars are far more active than our sun, and we expect to observe many exwrasolar coronal systems

In summary, ALEXIS, by mapping the sky in several nartow emission line bands, will have a unique capability
to idenufy point sources with strong thermal emission and map the difTuse ultrasoft X-ray background.

Fe VIII, Fe IX. and Fe X1 Lines

Photons/S=cond

7.0——

30 40 50 60 70 80 90 100 110 120
] Photon Energy (¢V)

Figure 9. Emussion from a hot, coronal plasma. as a funcnion of temperature and wavelength

9.2 ALEXIS Instrument Sensitivity

We have made prehimina.,y calculatons of the sensitivity of the individual ALEXIS telescopes Predicuons of
the LSM murror reflecuvity, in combination ~ith data for the ransmission of filter matenals and the quantum
detecuon efficiency of MgF2 opaque photocathode matenal were used as input data. Code developed for preds tng the
minimum detectable flux for the EUVE mission was adapted for this purpose

Mgl 2 is used to enhance the quantum detectuon efficiency while retauming good photocathode time <tabalin
The thin film filters will be r*laced in front of the deteciors W exclude the intense photon flux outside of the murro
bandpass due to the strong geocoronal background  Even thoagh ALEXIS 15 mnsensitive to the brightest geocoronal
hines (He 11 A304A, He 1 ASK4A, and Ly-a a1216A), they are sull so brght ay o completely dominate the
backgound count rate. Were 1t not for the filtens, Ty a would swamp the detectors with more than 10% (iv/aee We
have chosen as candidate filiers Lexan/Boror and AluminumA arbor wath broad bandpasses centered at - 120V and
- T0e V., respectively This choice s based on previous expenence and measurements in the development of filters fo
the bxueme Ulraviolet Explorer (LUVE) (Vallerga et al 1986)  Lexan/Boron will be used for the high encrpy
bandpass telescopes (RSeV and 107eV) and Alummum/Carbon for the low energy bandpass (72¢ V), The filue
thicknesses are opnmized o reduce unwanted hack ground while recumng high throughpur i the telescope bandpase

6y



We must also mimimize far UV leaks that would lead (o false detections of bnght FUV sources ike O and B suars
Mate:ial constraints are also included 1n the opumizauon: can the filter be made and launched and wall 1t reniann
sable?

Once an opumized filter has been chosen. the sensitivity of the three ALENIS bands can be calculated giver the
background rates, the exposure ume and the instrument throughput. The “strawman’ hOlter design (Lexan Boron
2000A/1000A thickness; Aluminum/Carbon - 1500A/700A thickness) gives the following mght sky background
rales: 31 cis/sec in the 72eV band (domnated by 304 A flux); and 10 cts/sec in the 85 and 107¢V bands (dominated
by detector background). These rates do not include the counts due 10 the diffuse soft x-ray background (SXRB) that
ALEXIS has been designed to measure. For example. the 72¢V band count rate would increase 1o 89 cisise f al!
the SXRB measured by previous expenments were duc to the Fe VII-X hine cluster at 72¢V This would be
considered a best case for measurement of the SXRB or the worst case tor the point source sensiuvity calculaton In
the following calculauans of point source sensiuvity we have assumed that the SXRB does not dominate the
telescope backgrounds, but we have been conservauve in owr esumate of geocoronal background, mirror refle. i
and telescope umaging.
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Figure 100 ALEFXIS Sensutivany to Conttnuum Sources 16 month expovre:

In six months, each telescopr wall have a mean exposure per source of 120000 seconds (mightime oniy, thouet
calculations show daytime operation s feasible, especially for the shorter wanelength bandso Wiath an ettes e
image diameter of 19, this yields a minimam detectable flux (Sa) for a hine at the center of the band of K« 100!
photons ¢m Zsl (72evy. 92 10" photons ¢m 2 s 1 (RS eV), and 4 x 10} photons em 2«1 (10 eV
Observatuons with a 1-day tme vesolution will have about 10 tmes the mimmuoum detectable oy staied abos e
Sensitivity o continuum sources (Figare 1) can be estimated from these bne Hux sensiivines by dividing by the
effecuive bandwidth of each murmny

The telescopes pointng i the direcion of the spim axns observe astnp 0% about the echpie plane sine e th.
field of view s of fset from the spinaxas by 1O This stnp gets twice the avenape exposare of regrons 90 trem (he
spmanis Inthe most favorable regions, the exposure peaks at 16 1 100 se improving, the sensitivaty an 1y
region by a factor of four, and mcreasing the expected number of observable sources by ¢ comparable Tuna W



consider the sensilivity numbers above a conservative esumate, and expect that they will improve as we refine the
filter and mirror design of ALEXIS.

9.3 Soft X-Ray Background and Old Supernova Remnants

The soft X-ray background (SXRB) emission (70-250 eV) 1s thought 1o onginaic 1n a ~-100 K plasma that fi11:
the local interstellar medium. Figure 11 shows a map of the SXRB in the B band (130-188 eV) in zero centeredd
galacuc coordinates (McCammon er al 1983). Equilibnum emission models of an optically thin, million-degree
plasma with normal cesmic elemental sbundances predict that 34 % of the atomic cooling power comes from a set of
closely-spaced hines around 72 eV from Fe VIII, Fe IX, and Fe X Radiauon from these lines in the SXRB has yet to
be unambiguously measured. These hines should have dominaied measurements of the SXRB in the Be band (70-11¢)
eV, sec Bloch er al. 1986), but pulse-height analysis of the Be band data yields a mean energy which 1s incompatible
with intense 72 eV emission (Bloch 1988, The flux from the Fe lines must be reduced by approximately a factor of
10 with respect to the rest of the SXRB specuum within the Be band o make the model spectra companble with the
observed pulse height dismbution. One way that the broad band Be, B (130-188 eV), and C (160-284 ¢V) band rates
can be reconcued with the Be band pulse-height distnbuton is 1o use a plasma emission model with depleted heavy
element abundances, as exists in the neutral component of the interstellar medium Such a sitwauon might anse i
the hot plasma was formed by heaung cool gas that contuned dust, if the dust has not yet been evaporated by the hot
component. The depleuon of Fe and other refractory elements has considerable effect on the cooling power of
intersiellar gas. Depleted gas is nearly an order of magnitude less eftecuve in radiating 1ty heat at 100 K with g
corresponding impact on the inferred density of the hot inwerstellar medium.

A direct measurement of the flux 1n the 72 ¢V Fe hines would provide an raportant diagnosuc of the hot loca
interste!lar medium. The ALEXIS telescopes would be wned to 72, 8S, and 107 ¢V 10 map the Fe VIIi-X cluster,
O VI(826eV), and Ne VII (106.25¢e¢V) / O VI (107 07 eV), respectvely Counts in the 72 eV bandpass would
range from a few to - 100 counts sec | per telescope, depending on the composition and temperature of the SXRH
gas. With the narrow response of these bands (-5% A6L/T ), the fluxan these hinzs could be unambiguously measured
Afler one year of ohservations, we expect o achieve Sa sensitivities of 2-6 photons ¢m Zer Vsec Vona1® scale
These maps will far exceed previous maps of the SXKB in angular resolution (previousty 3°)Y and spectral selectivi'y
(previously AE/T-~1). For example, previous maps have had resolunons of 37 the C-band, 6°1n the B band, 15 13
the Be-band. and do not exist al lower energics. From the ALEXIS maps, one will be able 1o resolve previousls il
defined features such as a possible connection between the North Polar Spur a nearby old supermova remnant’y an !
the local bubble. In combinaton with multi-wavelength data from other instzuments such as the Diffuse X ¢

Specurometer experunent we hope to gain a better understanding of the dvnamics, history and composinon ot the h
component of the local 1ISM
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Figure 1l Map of the difwse sct X ray background (130 188 e\ )
9.4 Narrow Rand Survey

Narrow Band Phrtometry: Figure 10 shows the relative sensinvaues of the AL XIS narrow bands ant o
the we.escopes on the Exueme Ultraviolet Explorer (FUVEY This plot demonstrates the potenually strong tie
between the data obuone:d by the tmo insruments - Although FUN T will reach tamter sources it the all sky surs o
the suivey yields very hude spectral information The main reason for this 1 that many objects wall be hinated
lorg wavelengths by the absorpuon due 1o cold hydrogen along the line of sight Detection in the shortest band .t
atour 100AY wall only occasionally be accompan.ed by a detecnion in the next longer wavelength tilter (at abowt
200A) ALEXIS can provide three daw points along the spectral energy distnbuuon for many sowrces detected m the
EUVE all sky survey (efiective resoluton R = 19.20))

We may esumzte the touil number of obyects for which these measurements are possible  The ALE XIS Lot
are about a factor of 10 larger than the LUVE sensiivity at 150A The source number flux relation 1x usualls

patametnized as N = K S ' where a can be between 0 S and 25 depending on the geometry of the soun e
populanon A Fudchdian distoibution of souces waives as 1S a disk population gaives a - 10O, sinle a class of
sources that v limued by the absorpuon due to the ISAN can gaive - OS Ha s 1 0, AL XIS would be able 1o
detect about 10% of all the scarces i the TUVE catalog Thus, we would be able to measure or place consran:
or the spectral encrgy distnibution of many classes of 1 UV source (wee brlow)

The EUVE Spectromieter performy a complementarny function by obtiming higher resolution (R 200 S
spectral data tor a fracton of the sources an the TUVE all sky survey The ATT NIS  sensinvity to conpmunae
sourc ey (of braadened and/or blended emsaon inevias 5 10 tomes better than the PUVE spectrometer, bur &
umes worse {or sources whose spectra consst prmantds ol afew narrow hines Furthenmore, the LUNVE spectronnen
can be used in pomnted ciode only, while AL E XIS will exanine the entite sky I has been esumated that only
LOO obpects may be obverved spectoscoproally by FUNE i one vear while the survey may detect neanrls oo
soees, of which Tao could e measured by ALT NS

Cool Starvs: The ATTXIN expernment will b e ymgue and valuable contabations o the st of o
tranvinon repions and cotonae of cool sty Observatians soih the PINSTEIN ooy demonsated that e



cf all spectral types (with the possible excepuon of A stars and supergants) are sott X-ray emutters (Maggo ez 0
1987; Schmitt er al. 1985; Golub er al. 1983, Rosncer er al. 1981) Of the serendipitous sources detected by
EXOSAT. 15% were stars (Giommi, Taghafern, and Angelini 198%).

Estimates show that there are 4500 main sequence stars of specwual types F, G, K. and M out o0 a distance
25 pc (Allen 1973). Given the typical soft X-ray luminosiues of these stars and the sensiuvitzes of the ALT X'
detectors, ALEXIS will be able to observe cool starsoul 10 ~i§ pc. Based upon these numbers, we predic: thar i tew
hundred main sequence stars as well as ~1 15 5 nearby RS CVn type stars will be deke <ted in the ALEXIS surey

The bulk of the soft X-ray emission from these stars onginates in plasma matenial at temperatures beiween 10°
and 107 K in the coronae of these stars. Stellar coronae are believed to contun plasma which 1s not sungt.
1sothermal, but rather has components which span a conunuous range of wemperatures, including components
raduate surongly in the ALEXIS bands

Early Type Stars: Early type stars are another class of Galacuc objects which emit ultrasoft Xorave b ors
and White 1980). There arc a large number of nearby O and B type stars which wili be detectable with AL EXIS wuce
as the bnght stars a Vir,  Cen, a Leo, and a And. Of the 380 stars detected serendipitously with EXOSAT, the
vast majority were early type stars (Giommi, Taghafern, and Angelimi 1988); fully 200 alone were 8 sty The
EXOSAT insguments did have sub.ianual poruons of therr bandpass 1in the X-ray region (> 25(ke V), so the
detected flux from early type may be largely due v X-ray emission. But the sheer numbers of O. B and A str
foond by EXOSAT suongly suggests that ALEXIS will detect many of these objects By companng the
measured fluxes with UV and opucal data, possible mechanisms for the emission can be discerned.

Currenly, there are two compeung models for the soft X:-ray emission from early type stars: the "coronal slaty
model and the “shocked wind” model. The favored shocked wind model postulates that hot shocks are cencrated an
radiauvely dnven winds: the shocks then produce the observed soft X-ray emission. In the coronal slab picture. X
rays emited at the base of the stellar wind 1onze materwl in the wind 10 produce the sott M -rays Measurements o
the soft X-ray fluxes from early type stars with ALEXIS will be beneficual in helping w distunguish between these
two scenarios. It will also indirecdy determine several of the parameters in the model, based upon the measure.!
fluxes from car:y-type stam.

Flare Stars: Numerous nearby dwarf K and M surs are known to flare fro:n ume to ume. These fLires are
usually many umes brighter than flares on our own Sun, and the cause and emssion mechanism are sull not well
understood (¢ g Hausch er al 1981, Kahn et al 1979, Heise er al 1975 Oniy a few stellar Oares have ever been
observed in the ultrasoft X-rays, and observations with the AL EXIS saielhite will add greausy to our knowledye ot
these objects

The large field of view of the ALEXIS detectors and the rapia spin rate of the satelite mean that it will be an
excellent momiwor of sudden flaring activity on nearby stars. Because of the linnted data currently available, the
expected fluxes and flare mates in the soft X-ray regime are not known. Based upon the flare rates determined by
Connors, Serhmatsos, and Swank (1986), though, and the sensitvities of the ALEXIS telescopes, it can be
esumated that ALEXIS will detect between 8 and 25 stellar flares from ncarby surs duning a 6-month survey The
actual number of flares detected by ALEXI]S will allow a much better deternmaticn of the flare rate distniburon ooy
N - log S) 1in wie soft X ray porton of the spectrum.

Coordinated opucal, radio and X ray observatons of flare stars will be anather important contributuon trom,
ALEXIS. Since ALEXIS views 172 of the sky dunng each satellite spin, 1t can monitor the ultrasoit X oray emissien
from flare stars which are betng observed from the ground by opucal and tad:o astonomers Flares trom thae s
have typical durations of 100 1000 seconds, longer than a smgle sun aoon of the satelle =, so ALENTS will o
"miss” any flares whule 1t1s looking away

The soft X -ray emission from stellar flares agmnates in plasma matenal in the coronal and transiion repaons
teinperatures of 1 - 10 million degrees Kelvin The narrow band fluxes measured by ALE XIS -l provide sensitive
determminations of the plasma temperatures and emission measures i the flamig material Combined wath the Tyt
twrve informanon, this will md i praming down the mecCanism belund the flare procescon dMe stars

Planetary Observations: Al EXIS might obwerve hphly jomzed speaes in planetsiy magnetospheres Th
best candidate for detection as the {o torus, which contuns onized Na, KOS and O pesultiiag from collimaona

N



excitaton of neutrals by magnetosphenc elecrons  To date, the most highly 1onized species observed are N IV !
O 111 at energies of 47eV and 55¢V. respecuvely. However, there are several bnght emission hines which could b
deteciable by ALEXIS In parucular, the emssion lines of O V (i"2A, 1934 ) and O VI (173A, 150\ are wiro
features which should be obscrvable if the densiues of these 10ons n the torus is greater than a few ions (r,
Delailed modeling of the o torus suggests that dunng the Voyager spacecraft encounters the O Vand O Viden i
were less than this (Shemansky, 1987;. However, the densiues of the highlyionized species show large abundar..

vanauons that may be linked with vulcanism on lo. Other species which may be observable include S IV, Na [V ar
SiVv.

Quasar Studies: Many expenments now Indicate that there 1s a strong soft X-ray or extreme ultraviol
component in the spectra of nearby Acuve Galacuc Nucler (AGN) and quasars (Wilkes and Elvis 19587 Po!
1988). The nature of this component 1s complciely unknown (and its existence not predicied! but may be related toa
large accreuon disk surrounding a supermassive black hole (M -10°-107 solar masses: ¢f Bechtold eral 1087 ar: !
Pounds e/ al. 1986). The opacny of the mterstellar medium hmits potenual sources to those lying aiony lia
column density lines-of-sight (Lockman er al 1986). Very few quasars and AGN show sigmificant intrite
absorpuon (Wilkes and Elvis 1987). Based on similar calculauons donc for EUVE, we esumate that ALEXIN
observauons could detzct 10-100 AGN and quasars if this emission is due to a thermal conunuum from the disk.

Theories of accretion disks have predicled that matter is blown off the disk at large radu due o reheaung by X-
rays {from the inner radn or heated plasma in magncuc flux loops (Shakura and Sunyacv 1973, Galeev, Rosner andd
Vaiana 1979). The heaung 1s probably sufficient to form an optically thin wird at temperatures of 0% 107 K
(Bisnovatyi-Kogan and Blinnikov 1977). The resultant corona may be responsible for the soft X-ray excesses.

If the excess flux is primarily in emission lines, then ALEXIS would detect just as many sources but theee
would be a strong dependence on redshift. Detecuons at a hmited number of discrete redshufts would then indi are
that quasars nave simlar spectra as a class, anminated by individual plasma lines. One interesung possibility 1s thin
we could reconstruct the spectrum of typical quasars by combining daw from objects at mary different redshitis
Detecung quasars with z = 0-3 would result in a composite spectrum from 30A 10 170A (72 - 430eV) at a
resoluuon of 10A. Broad absorpuon features in the quasar specira due 10 the Carbon edge at 44A (in the AGN revt
frame) would also produce redshift-dependent effects that could be investigated with ALEXIS data by examining
rauos of two adjacent narrow bands.

9.5 Relation to Broadband Surveys

There could be a profitable synergism between the EUVE and ALEXIS expeniments. Many studies could be
performed that would not be otherwise possible. For example. onc may use the narrow band daw tor white dw it
detected in the broad-band survey 10 determine interstellar column densities. White dwarfs may be dewected in
muluple ALEXIS bands if the interstellar hydrogen column s less than about 102¢ cm <, in contrast, only one
EUVE channel will detect sources at greater than 2 x 109 cm-2. The band rauos will be sensitive 10 column
densiues greater than 1 x 10!9 ¢m 2.

Narrow-band daa can be quite important for discriminating between possible phvsical models of the emission
region. If the narrow-band fluxes are comparable 1o broad-band values, one may infer that the emission 1s pnmanls
in the form of narrow lines, and probably due 10 an opucally thin plasma. 1t not, then the narrow band data can be
used 10 est the hypothess that the spectra are nsing rapidly (due w the Wien portion of a hot black bodyy or more
slowly, along the extrapolaton of power-law spectra from higher energies  The latter test 1y extremely important in
the study of quasars (sec above).

It 1s enurely possible that the ALLXIS and I-U'VE missions will be operating concurrenthy - The opportanity 1o
quickly detect ransients with ALLEXIS and observe them in outburst with FUVE will allow studies of active regions
on late type stars and hot spots in the disks of catac lysmie vanables  Catching objecrs mooutburst gives the beed
chance 1o me- ure the temperatures Bnd abundances in these regions, bevane the regions are most casils isolited
frora other, mrue quiescent processes

9.6 Synoptic Maonitoring of Variable Sources

Ay ALLXIS continuously surveys a large fracuon of the skv, s of considerable interest 1o lock at e
patenual for detecung ransient sources of FUV/sole X ray emassion: Since there are no ALE XIS predece ot e



difficuly 10 be ngorous in esumates of its capability for detecung transients, but the expenience from X-rav surves- i
encownying One pertinent study is that of Helfand and Vrulek (1983) who detected four very fast (1-10s: flares i
survev of 3 x 100 s of Emnstein IPC daua (0.15 -3.5 keV). From this daw they deduced an all-sky event rate of < 1f <
per veu Tuer bmiung flux was 10 microly “vone of the Einstein ransients have as of yet baen idenufiecd HEAO
X-ray ata (0.5 - 20 kel ) have also yieldeu a number of, as yet also unidenufied, transients lasung 30 minutos o
less (Connors, Serlemitsos and Swank 1986, Ambrusier and Wood 1986). Pye and McHardy (1983 discover.
longer time scale mansients (few hours 1o 1 day) using the Anel V Sky Surve - insrument (2 - 18 keV). Some ot
these ransients are known dMe flare stars or RS Canis Venaticorum (RS CVu, stars. Others, sull unidentificd,
may also be of these classes of objects. A survey of 20 dwarf novae i1n outburst in the low-energy HEAO-1 daw
{0.15- 0.5 keV) yielded two ultrasoft sources that were exremely bnght for a few days (Cérdova er al. 1980b1. Qu:er
ultralow-energy X-ray sources discovered in surveys of umdenuficd soft HEAO-1 sources were the magnei. .
cataclysmic varable stars that can be tn states of high mass accreuon for months or years (see. ¢ g Jensen, Nousck
and Nugen 1982). Some HEAO-1 ultrasoft transients sull remain unidenufied (e g., Nousek, Cérdova, and Garmure
1980). These X-ray sunveys indicaie that vanability 1s common 1o stellar sources on all ume scales, and 1n ull '
energy regions sampled thus far. Below we discuss the sensiuvity of ALEXIS 1o such transient conunuum and
emission-lie sources.

Accreting white dwarfs: ALEXIS will have a significant sensitivity 1o nearby hot white dwarfs and
cataclysmic vanables (mass-exchanging semi-detached binanies consisung of a white dwarfl and a low-muass

companion). Due to the high luminosiues generated by the accreuon of mawenal ontc white dwarfs (L ~ 103° Ma

erg s’ i where Mg is the accretion rate 1n units of 19-8 solar masses/yr), cataclysmic vanables are intnnsically bnght
astronomical sources. Cataclysmic vanables which accrete at high rates through an accretion disk (nova-like vanables
anc dwarf novae in outburst) are bnght EUV and soft X-ray sources: fully one-quanter of their accretion lummnosity 1~
emitted with a blackbody spectrum with a temperature of a few 1ens of eV (Cdérdova er al. 1980a, Patterson and
Raymond 1985). Cataclysmic vanables in which the dynamics of the accreing material is controlled by the magnetic
field of the white dwarf (polars or AM Her stars) release about half of their accretion luminosity at EUV and solt X -
ray energies and about half at temperalures of a few tens of keV. Because of their high space density and berause thes
are inminsically bright X-ray sources. cataclysmic variables make up a significant fraction of the number of sources
found in any survey of the X-ray sky. Moreover, cataclysmic vanables offer a unique laboratory for the study of the
processes of mass accreuon and mass loss manifest by such Galacuc consituents as pre-main-sequence stars (e g, T
Taun and FU Orionis stars), late-type stars, early-type stars (e.g., O-stars, giants, supergiants, and Wolf Rayet
swars), symbiotic stars, low- and high-mass neuton star binaries, and accreting stellar-mass black holes {e.g.. Cyvg
X-1 ana SS 443). Furthermore, accreuon onto--and mass ejecuon from--massive black holes are cenual to the
dynamics of the our Galaxy and of acuve galacuc nucle: and quasars. Because of these shared similanucs, because of
their vanability and high space density and their intnmisically high UV, EUV, and X-ray luminositics, because the-
can rouunely be observed from the ground with both large and small ielescopes by both professionzl and amatuer
astronomers and (although infrequently) from space with ultraviolel, far ultraviolet, and X-ray satellites. cataclysmi
vanables offer a wealth of observauonal informauon on the processes of mass accreuon and mass loss with which
we have hope (o betler undersiand a large and diverse class of asoophysical objects.

Because cataclysmic variables radiate a significant tracuon of thewr luminosity at EUV and soft X-ray energics.
ALEXIS will have a significant sensitivity to this imponant class of objects. Assuming that the boundary laver
betwc=n the accretion disk and the surface of the white dwarf 1n a non-magnetic cataclysmic vanable radiates with a
blackbody specuum with a temperati-e of 25 eV and a luminosuy of 4 x 104 erg !, and discountiny
phoiwele:tric absorption by intervening 1 atenal, the source count razrs in the 72 B2, and 107 eV bandpasses of the
ALEXIS telescopes will be 3.7, 3.6, and 2 8 dl()()"2 counts s 1, respectively, where djoq 1s the distance to the
cataclysmic vanable wn units of 100 pc. Since twice as much of the luminosity of magnetic cataclysmic varables s
radiated at these temperatures compared (o nor magneue cataclysmic vanahbles, the count rat=s for magnet,
cataclysmic vanables will tymically be twice these values Observauons with soft X-ray experiments on HEAO 1
Einstein, and EXOSAT show that dwarf novae in puthurst ane® :agcue variables have comparably strong tluse in
the 1/4 keV band. Since one opucal d=pth at 72, 82, and 10 eV comresponds to - 075, 1.15, and 2 0% « 100"
atoms cm~ 2 of intervenng interstellar matenal, respecuve'y, si uhicant count rates in the vanous bandpasses can
be realized for cataclysmic vanables with distances of Jess the approximately 200 parsecs which have colu. n
densities of less than a few umes 101% atomy cm ? Toallust « that there are a number of cawac lysmic vaable.
which meel these cniteria, consider the case of the tour (non = v newo) cataclvamie vanables tor which Moo b
Raymond, and Cérdova (1984) have determined thy means ol b ! resolution ultraviolet spectra) the column den .
of ncutral interstellar matenal IX Vel, 8§ Cyg. VIRBRS Sp rd RW Sex The measured neutral hyvdropen



column densiges (2.0--89 x 109 atoms cm‘z) and distances (95--150 pc) result (in three of the four catacivam:,
vanables) in significant count rates in the three ALEXIS bandpasses: the summed count rates for IX Vel §S Cy,
and V3885 Sgr are determined to be 0.96, .75, and 0.13 counts s=1, respectively, relauve o a predicied
background rate of < 0.01 counts s~! per resoluuon element. U Gem. VW Hyi. and approximately hulf u Looer.
other cataclysmic variables will likely be dete~ted with comparable count rates, making the study of the ~oit X 1.

Jlummnosites of the boundary layers of cataclysmic vanables a significant component of the science possible wiit,
ALEXIS.

Active, cool stars: The second group of candidates for soft X-ray transients are emission-hine, rather thae,
conunuum, sources. These are the dMe flare stars and the RS CVn binarnies. These objects vsere discovered a« a lar,
class of soft X-ray emitiers by HEAO-1 and Einstein. Their X-ray emission anses 1n a hot, thin therma! plasm.
lying in the transition region and corona with a temperature between 105 and a few umes 107 K (scc Breoan!
McHardy 1987). Their vanabihity 1s due to rotauonal modulauon of active regions or flares. The latter can List tro.
a few seconds up 1o a few hours (in some cases up o 10 days!), and may occur with a repeuuon cycle of a fes Juss
(Walter et al. 1987). In the binanes eclipses can also produce vanabihty and are a usetul diagnostic 1+l Lo
determining the spatial dismbuuon of coronal plasma (¢.g.. White et al. 1987).

The RS CVn sources were typically the same iniensity 1n the Einstein IPC detector as were the dwarf niovpe U
Gem and SS Cyg during outburst, that is, a few counts/sec. To esumate the sensiuvity of ALEXIS 1o an emu: s on
line source with the parameters of a RS CVn-like flare we folded the spectral parameters for HR 1099 (Walter 'Uns.
privale communication) through the response of the ALEXIS detecung system. For an emussion integral of 18°7, 4
plasma emperature of 108 K. a raduus of the emission region of 10 solar radii, and a distance 1o the source of . * pe
(with no absorpuon), the estimated spectral Line intensity of HR 1099 in the 72 eV band is 2.5 photons cm 2 s |
This carresponds o0 a count rate of | count s~1 in one detector pixel, a factor of 100 above the Most conservaL s
estimate of the background cour.t rate. For a temperature of 4 x 104 K. the source count rate is equal v the

background rate. Therzore, bnght RS CVn flares with temperaturcs of about one million degrees can be dew 12!
with ALEXIS in one pass over the source.

ALEXIS will be able to sample the orbual light curves of cool, active binaries. The typical orbital penod: of
RS CVn sysiems hie in the range 1 - 14 days. Any source will be in the ALEXIS field of view for six months art a
ume, with various duty cycles depending on the particular lelescope that views the source and the eclipuc Latitude o1
the source; the duty cycle 1s 32% n the best cases. Thus sume RS CVn stars may be monitored by ALEN].,
throughoul a substanual fraction of a binary orbital peniod, (~r many biary orbits.

9.8 Scarch for Fast Transients

Perhaps the most exciung possible result from ALE?> ° would be the discovery of fast transient phenomena in
the uwrasoft X-ray region. ALEXIS will be monitoring mu - than 1 sr of sky at any instant, and s thus sensitive 1o
ransient phenomena on any timescale, The paired telescopes will give confirmauon of any continuum transient
event Historically, instruments sensiuve Lo transients in unexplored bands have led to discovenes. For example, Lo
Alamos deiectors on the Vela satellites led 1o the discovery of gamma-ray bursts ard the co-discovery ol X-rm
bursts. Perhaps similar luck will sitnke again.
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Figure 12: Broad-band signals from a gamma-ray burst, from Lamb (1955,
Also shown are the expecied count rates from ALEXIS for such an event

One pos:ible fast transient is gamma-ray bursts, wh:ch may yield detectable signals in the ultrasoft X -ray band
Lamb (1988, summarizes data and theory on their broad-band <pectra (Figure 12). Interpolaung between
measurements i the X-ray 2nd opucal bands, one might expect an ALEXIS signal of S0 500 counts in 10 secon
from a gamma-ray burst If any ultrasoft X-ray signal 1s scen from a low-galacuc lautude gamma burst, thiv will b
proof that the bursts arc ncarby and not at cosmologicai dislances Sadly, so hittde 15 known about gamma burst
even 15 years after their discovery, that their distances are sull unknown within a factor ol 106

This work was performed under the auspices of the US Department of Energy. We would ike o acknowledas
comments on the manuscript by Drs. Diane Roussel Dupré and Chais Mauche
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